Sullivan BE, Carroll CC, Jemiolo B, Trappe SW, Magnusson SP, Døssing S, Kjaer M, Trappe TA. Effect of acute resistance exercise and sex on human patellar tendon structural and regulatory mRNA expression. J Appl Physiol 106: 468 -475, 2009. First published November 20, 2008 doi:10.1152/japplphysiol.91341.2008Tendon is mainly composed of collagen and an aqueous matrix of proteoglycans that are regulated by enzymes called matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs). Although it is known that resistance exercise (RE) and sex influence tendon metabolism and mechanical properties, it is uncertain what structural and regulatory components contribute to these responses. We measured the mRNA expression of tendon's main fibrillar collagens (type I and type III) and the main proteoglycans (decorin, biglycan, fibromodulin, and versican) and the regulatory enzymes MMP-2, MMP-9, MMP-3, and TIMP-1 at rest and after RE. Patellar tendon biopsy samples were taken from six individuals (3 men and 3 women) before and 4 h after a bout of RE and from a another six individuals (3 men and 3 women) before and 24 h after RE. Resting mRNA expression was used for sex comparisons (6 men and 6 women). Collagen type I, collagen type III, and MMP-2 were downregulated (P Ͻ 0.05) 4 h after RE but were unchanged (P Ͼ 0.05) 24 h after RE. All other genes remained unchanged (P Ͼ 0.05) after RE. Women had higher resting mRNA expression (P Ͻ 0.05) of collagen type III and a trend (P ϭ 0.08) toward lower resting expression of MMP-3 than men. All other genes were not influenced (P Ͼ 0.05) by sex. Acute RE appears to stimulate a change in collagen type I, collagen type III, and MMP-2 gene regulation in the human patellar tendon. Sex influences the structural and regulatory mRNA expression of tendon. collagen; proteoglycan; matrix metalloproteinases THE TENDON IS A METABOLICALLY active structure that transmits force from muscle to bone for mechanical movement. The extracellular matrix (ECM) of tendon mainly consists of collagen and elastin fibers surrounded by an aqueous matrix of proteoglycans, glycosaminoglycans (GAGs), and glycoproteins (20). Collagen, specifically collagen type I, is the most abundant protein in tendon, forming 60 -80% of tendon dry weight (20) . Collagen type III is found in significantly less abundance than collagen type I, but increased expression is an indicator of tendon injury (9, 11, 47) . Collagen turnover, an important component of a healthy ECM, is regulated by a group of enzymes called matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs) (37).
Although it is known that resistance exercise (RE) and sex influence tendon metabolism and mechanical properties, it is uncertain what structural and regulatory components contribute to these responses. We measured the mRNA expression of tendon's main fibrillar collagens (type I and type III) and the main proteoglycans (decorin, biglycan, fibromodulin, and versican) and the regulatory enzymes MMP-2, MMP-9, MMP-3, and TIMP-1 at rest and after RE. Patellar tendon biopsy samples were taken from six individuals (3 men and 3 women) before and 4 h after a bout of RE and from a another six individuals (3 men and 3 women) before and 24 h after RE. Resting mRNA expression was used for sex comparisons (6 men and 6 women). Collagen type I, collagen type III, and MMP-2 were downregulated (P Ͻ 0.05) 4 h after RE but were unchanged (P Ͼ 0.05) 24 h after RE. All other genes remained unchanged (P Ͼ 0.05) after RE. Women had higher resting mRNA expression (P Ͻ 0.05) of collagen type III and a trend (P ϭ 0.08) toward lower resting expression of MMP-3 than men. All other genes were not influenced (P Ͼ 0.05) by sex. Acute RE appears to stimulate a change in collagen type I, collagen type III, and MMP-2 gene regulation in the human patellar tendon. Sex influences the structural and regulatory mRNA expression of tendon.
collagen; proteoglycan; matrix metalloproteinases THE TENDON IS A METABOLICALLY active structure that transmits force from muscle to bone for mechanical movement. The extracellular matrix (ECM) of tendon mainly consists of collagen and elastin fibers surrounded by an aqueous matrix of proteoglycans, glycosaminoglycans (GAGs), and glycoproteins (20) . Collagen, specifically collagen type I, is the most abundant protein in tendon, forming 60 -80% of tendon dry weight (20) . Collagen type III is found in significantly less abundance than collagen type I, but increased expression is an indicator of tendon injury (9, 11, 47) . Collagen turnover, an important component of a healthy ECM, is regulated by a group of enzymes called matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs) (37) .
Physical activity stimulates mechanical and structural alterations in tendon (22, 25, 26, 28, 44) , which can subsequently influence muscle performance (6) . Cross-sectional studies demonstrate that tendon size is greater in individuals who habitually exercise than in untrained individuals (21, 49) , and it has been shown that prolonged resistance training can induce tendon hypertrophy (22) . Increased tendon size is a potential result of elevated collagen synthesis, which has been demonstrated to increase after an acute bout of aerobic exercise (29, 39) . On the contrary, some prolonged resistance training studies show that training can induce tendon adaptations, such as increased tendon stiffness, without changes in tendon size (25, 26, 28, 44) . Therefore, components of the ECM may be adapting independent of tendon hypertrophy to cause these mechanical alterations. The role of each ECM component in these training adaptations has yet to be elucidated (36) .
Mechanical properties and metabolism in tendon have been shown to be different in men and women (27, 35, 38, 58) . The elastic modulus of tendon is significantly decreased in women compared with men, possibly leading to an inefficient matrix for force transfer between muscle and bone (27) . In addition, cross-sectional studies reveal that tendons of habitually trained women are the same size as those of untrained women, whereas men's tendons are hypothesized to hypertrophy with training (58) . Tendon collagen synthesis at rest and after an acute bout of exercise is significantly lower in women than in men (38) . It is uncertain whether other structural and regulatory components of tendon are influenced by sex to cause these mechanical and metabolic differences.
Given the limited amount of information regarding tendon adaptations to exercise in humans, the main objective of this investigation was to identify changes in mRNA expression of some of the main structural and regulatory components of tendon after an acute bout of resistance exercise (RE). A secondary objective of this investigation was to identify sex differences in mRNA expression of the structural and regulatory genes of tendon at rest. The structural components of tendon, including the main fibrillar collagens, collagen type I and collagen type III, and the main proteoglycans, decorin, biglycan, fibromodulin, and versican, were studied. The regulatory components, including the enzymes MMP-2, MMP-9, MMP-3, and TIMP-1, were studied as well.
MATERIALS AND METHODS

Subjects and Experimental Design
Twelve recreationally active individuals (6 men and 6 women) were included in this investigation. For the analysis of mRNA expression after RE, subjects were divided into two groups of six, with equal numbers of men and women in each group: a 4-h group (27 Ϯ 1 yr old, 173 Ϯ 1 cm height, 74.8 Ϯ 4.1 kg body wt) and a 24-h group (23 Ϯ 1 yr old, 167 Ϯ 1 cm height, 62.6 Ϯ 4.8 kg body wt). Sex comparisons of mRNA expression were made using the resting (preexercise) measurements in the six men (26 Ϯ 1 yr old, 174 Ϯ 3 cm height, 77.2 Ϯ 2.8 kg body wt) and six women (24 Ϯ 1 yr old, 166 Ϯ 3 cm height, 60.2 Ϯ 4.2 kg body wt). After approval by the Institutional Review Board at Ball State University, all the procedures, risks, and benefits associated with the study were explained to the subjects before they signed a consent form, which adhered to the guidelines of the Institutional Review Board. The experimental design is presented in Fig. 1 and described in detail below.
Dietary and Activity Control
The evening meals were supplied before the rest (preexercise) and 24-h postexercise tendon biopsies in liquid form (Ensure Plus, Ross, Columbus, OH; 53% carbohydrate, 15% protein, and 32% fat) and provided 50% of the subject's estimated caloric need [1.5 times the subject's predicted resting metabolic rate (12) ]. This level of dietary control standardized the composition, amount, and timing (i.e., duration of fast) of the final meal consumed before the morning tendon biopsies. In addition, subjects were asked to refrain from physical activity or exercise training 3 days before the start of the study and for the duration of the study. Subjects in the 4-h group rested quietly in the laboratory during the 4-h postexercise period; subjects in the 24-h group were discharged and returned on the following morning for the postexercise biopsy.
RE Protocol
Each subject completed a bout of unilateral knee extension exercise, with the right leg on a knee extension weight stack device (Cybex Eagle, Medway, MA). The workload was set to ϳ70% of the subject's concentric one repetition maximum, which was determined Ն1 wk before the resting tendon biopsy procedure. After 5 min of light cycling (ϳ50 W) and 2 sets of 5 repetitions with light loads, each subject completed 3 sets of 10 repetitions, with 2 min of rest between sets (43).
Tendon Biopsy
After 30 min of supine rest, a patellar tendon biopsy was taken before exercise (left leg) and 4 (4-h group) or 24 (24-h group) h after the RE bout (right leg). All biopsies were taken from the central portion of the patellar tendon by the same investigator in a consistent fashion for all subjects. Tendon tissue was obtained after local anesthesia (1.0 ml of 1% lidocaine HCl) using a Bard Magnum biopsy instrument and a 14-gauge needle (models MG1522 and MN1410, CR Bard, Covington, GA) (19, 39, 41) . The tissue was immediately inspected, nontendon tissue was removed under ϫ10 -20 magnification, and tendon tissue was placed in a preweighed RNase-and DNase-free tube containing 400 l of RNAlater (Ambion, Austin, TX). Each tube was reweighed to obtain the tissue weight (5.04 Ϯ 0.26 mg), incubated at 4°C for 24 h, and then stored at Ϫ20°C until mRNA analysis (described below).
Tendon RNA Analysis
Disruption and homogenization of tissue. Each tendon sample was removed from RNAlater and powdered/ground into small pieces in a liquid nitrogen-filled mortar that was kept on ice. Before use, the mortar and pestle were treated with RNaseZap (Ambion), autoclaved, and stored at Ϫ20°C. The liquid nitrogen-tissue suspension was transferred to a liquid nitrogen-cooled six-well culture plate that was kept on ice. The liquid nitrogen was allowed to evaporate from the well, and with care taken to prevent thawing of the sample, 600 l of lysis buffer (RNeasy Mini Kit, Qiagen, Valencia, CA) were added to the well. The solution was pipetted up and down several times for collection of the ground tissue into the tip, and then the solution was loaded onto a QIAshredder spin column (Qiagen). The solution was homogenized by passage through the QIAshredder spin column homogenizer during a 3-min spin at 15,000 g. The supernatant was carefully transferred to a new tube, leaving a well-formed pellet on the bottom of the spin column collection tube.
Total RNA extraction and RNA quality check. RNA was extracted from the supernatant using the RNeasy Mini Kit according to the manufacturer's protocol (Qiagen). Elimination of genomic DNA contamination was done on-column by DNase digestion following the protocol provided by the manufacturer with the RNeasy Mini Kit (Qiagen).
One microliter of each total RNA extract [1:1 (vol/vol) with water] was analyzed using the RNA 6000 Pico LabChip kit on a bioanalzyer (model 2100, Agilent Technologies, Palo Alto, CA). This system reported detailed information about quantity and integrity of the RNA samples. Each RNA sample was electrophoretically separated into two peaks of 18S and 28S rRNA. Data were displayed as a gel-like image and an electropherogram (16, 43, 53) . Sample analyses were performed as described by the manufacturer. On average, the yield of total RNA from tendon tissue was 8.07 Ϯ 1.16 ng RNA/mg tendon wet wt.
Reverse transcription. Oligo(dT)-primed first-strand cDNA was synthesized using SuperScript II RT (Invitrogen, Carlsbad, CA). This system was optimized for sensitive RT-PCR on small amounts of [12] [13] [14] [15] [16] [17] [18] (0.5 g/l), and 2.0 l of nuclease-free water, was incubated at 65°C for 5 min and then placed on ice for 1 min. A second reaction mix of 7 l, consisting of 4 l of 5ϫ first-strand buffer, 2 l of 0.1 M DTT, and 1 l of RNaseOUT recombinant RNase inhibitor, was added to the first reaction mix and incubated at 42°C for 2 min. Finally, 1 l (50 U) of SuperScript II RT was added to each tube (giving a total volume of 20 l), incubated at 42°C for 50 min and then at 70°C for 15 min to terminate the reaction, and chilled to Ϫ4°C. The resulting cDNA samples were diluted with water to a final volume of 40 l. All thermal incubations and chilling were done in a Peltier thermal cycler with dual-block DNA engine (MJ Research, Waltham, MA) to provide temperature homogeneity and identical temperature ramping for all samples.
Real-time PCR. Quantification of mRNA transcription was performed in a 72-well centrifugal real-time cycler (Rotor-Gene 3000, Corbett Research, Mortlake, NSW, Australia). All primers for each gene of interest (GOI) were mRNA specific and designed for gene expression real-time PCR analysis (Vector NTI Advance 9 software, Invitrogen) using SYBR Green chemistry (Table 1) . GAPDH was chosen as the housekeeping gene (HKG) for the internal control on the basis of previous validation (53) . The PCR mix consisted of 12.5 l of SYBR Green JumpStart Taq Ready Mix (Sigma-Aldrich, St. Louis, MO), 0.5 l each of 10 M forward and reverse primers, 2.5 l of cDNA, and nuclease-free water to a final volume of 25 l. Each tendon sample was prepared in duplicate for all assays (coefficient of variation ϭ 0.58 Ϯ 0.03%).
The PCR parameters were as follows: initial denaturing at 95°C for 2 min to activate the Taq polymerase followed by 45 cycles of 20 s at 95°C, 20 s at 59°C or 60°C (Table 1) , and 20 s at 72°C with fluorescence acquisition. A melt curve analysis was generated by the Rotor-Gene software after the end of the final cycle for each sample by continuous monitoring of SYBR Green fluorescence throughout the temperature ramp from 72°C to 99°C in 1°C increments and a 5-s hold at each increment. A single melt peak observed for each sample was used to validate the presence of a single product.
The amplification data were analyzed in two ways. 1) mRNA expression of each GOI at 4 and 24 h after exercise was compared with levels at rest using the 2 Ϫ⌬⌬CT relative quantification method (31, 43, 59) . 2) Sex differences in mRNA expression at rest (before exercise) were evaluated for each GOI using the 2 Ϫ⌬CT relative quantification method (31, 43, 52, 57) . These methods are based on the assumption that the difference in threshold cycles (⌬CT) between the GOI and the HKG is proportional to the relative expression of the GOI (31, 52) .
For each real-time PCR assay, a dilution curve was generated using gene-specific primers to evaluate reaction efficiencies. As template for the curve, cDNA was reverse transcribed from 200 ng of human skeletal muscle RNA (Ambion), a twofold dilution series was prepared, and each dilution was assayed in duplicate. The real-time PCR amplification calculated by the Rotor-Gene software was specific and highly efficient, generating an average reaction efficiency of 1.06 Ϯ 0.01, an R 2 of 0.99 Ϯ 0.002, and a slope of 3.20 Ϯ 0.02. A single melt peak was observed for each GOI.
MMP-9 mRNA expression was not quantifiable in any of the subjects at rest or after exercise. Although MMP-9 expression was detectable in most of the samples, amplification occurred at high CT values (ϳ36) and was not reproducible in duplicate. The average CT 
Statistical Analysis
A paired t-test was applied to determine whether acute RE influences mRNA expression of each GOI by comparing mRNA levels at rest with mRNA levels 4 and 24 h after exercise. A two-sample t-test was applied to determine whether sex influences mRNA expression of each GOI at rest. Significance was set at an ␣-level of 0.05 for all comparisons. Values are means Ϯ SE.
RESULTS
mRNA Expression After RE
The mRNA expression of collagen type I and collagen type III significantly decreased (P Ͻ 0.05) 4 h after RE but returned to resting levels 24 h after RE (P Ͼ 0.05; Fig. 2) . The mRNA expression of the proteoglycans decorin, biglycan, fibromodulin, and versican did not significantly change (P Ͼ 0.05) from resting levels at 4 or 24 h after RE (Fig. 3) . The mRNA expression of the regulatory enzyme MMP-2 significantly decreased (P Ͻ 0.05) 4 h after RE and returned to resting levels 24 h after exercise (P Ͼ 0.05; Fig. 4) . The mRNA expression of MMP-3 and TIMP-1 did not significantly change (P Ͼ 0.05) from resting levels at 4 or 24 h after RE (Fig. 4) . MMP-9 mRNA expression was not quantifiable at rest or after RE (Fig. 4) .
mRNA Expression at Rest: Men vs. Women
The mRNA expression of collagen type III at rest was significantly higher (P Ͻ 0.05) in the women than in the men, whereas collagen type I mRNA expression was similar (P Ͼ 0.05) between sexes (Fig. 5) . The mRNA expression of the proteoglycans decorin, biglycan, fibromodulin, and versican at rest was not significantly different (P Ͼ 0.05) between the women and the men (Fig. 6 ). There was a trend toward higher (P ϭ 0.08) MMP-3 mRNA expression at rest in the men than in the women, whereas the mRNA expression of MMP-2 and TIMP-1 at rest was not significantly different (P Ͼ 0.05; Fig. 7 ). MMP-9 mRNA expression was not quantifiable at rest in the men or the women (Fig. 7) .
DISCUSSION
To our knowledge, this is the first investigation of the mRNA expression of structural and regulatory genes in tendon of men and women after an acute bout of RE. Acute RE elicited a regulatory response in gene expression in the patellar tendon, as indicated by the downregulation of collagen type I, collagen type III, and MMP-2 mRNA expression. However, the proteoglycans decorin, biglycan, fibromodulin, and versican were refractory to the high-intensity mechanical loading of acute RE. In addition, sex influenced gene regulation of the structural (collagen type III) and regulatory (MMP-3) components of tendon. Fig. 2 . Mean mRNA expression of collagen type I and collagen type III at rest (Pre) and 4 and 24 h after exercise (Post). Expression levels for each gene were normalized to GAPDH using the 2 Ϫ⌬⌬CT method. *P Ͻ 0.05. Fig. 3 . Mean mRNA expression of the proteoglycans decorin, biglycan, fibromodulin, and versican at rest and 4 and 24 h after exercise. Expression levels were normalized to GAPDH using the 2 Ϫ⌬⌬CT method.
Exercise Response
As a first approximation, it seems reasonable to suggest that the downregulation of collagen type I and collagen type III mRNA expression 4 h after the RE bout infers that protein synthesis of the two main fibrillar collagens of tendon is reduced in the first several hours after RE. This idea is based on the assumption that collagen mRNA expression is a reflection of collagen protein synthesis, although it must be kept in mind that there are multiple regulatory steps between collagen gene transcription and incorporation of protein into the collagen fibril (30, 42) . In support of this assumption, changes in collagen mRNA expression have been shown to mirror changes in collagen protein synthesis (33, 50) . The response to RE in the present investigation is in contrast to the work of Miller et al. (39) , who reported that collagen protein synthesis in the human patellar tendon was significantly stimulated 6 h after an acute bout of aerobic leg-kicking exercise. By incorporating stable isotopically labeled amino acids into collagen protein, Miller et al. directly measured collagen synthesis. Although both investigations used a knee extension exercise, the loading stimulus placed on the patellar tendon as a result of aerobic leg kicking (2,100 total contractions over 60 min) was different from that attributable to the bout of RE (30 total contractions over 2 min). However, the return to baseline (i.e., the increase from 4 to 24 h) in collagen type I and collagen type III mRNA expression in the present investigation corresponds with the previously reported increase and peak in collagen protein synthesis from 6 to 24 h after aerobic exercise (39) . Therefore, it is possible that the regulation of collagen turnover and, ultimately, the extent and time course of collagen turnover are dependent on the mode, duration, and intensity of the exercise bout. It is unlikely that the different nutritional status of the subjects between the present study (fasted) and the study of Miller et al. (fed) played a role in the responses to acute exercise, inasmuch as it has been shown that feeding does not appear to impact collagen turnover (5, 40) . In addition, collagen turnover appears to be influenced by other factors, such as multiple bouts of activity and disuse (7, 14) . For example, after 4 days of eccentric, concentric, or isometric training, collagen type I and collagen type III mRNA expression significantly increased in a rat tendon model (14) . These studies indicate that collagen turnover is dynamic and can be influenced variably by different manipulations.
Previous in vitro (23, 48) and in vivo (60) animal studies demonstrate that mechanical loading induces changes in proteoglycan expression in tendon. The main functions of tendon proteoglycans are regulation of fibrillogenesis and maintenance of tendon structure (61) . It appears that the RE bout used in the present investigation was not sufficient to induce alterations in proteoglycan gene regulation. Independent of proteoglycan abundance, posttranslational modifications of the proteoglycans, such as alterations to the GAG chains that bind to the core protein (61), may influence tendon mechanical properties. Alterations in GAG content have been observed in prolonged run-trained animal tendons (55, 60) , in aged tendons (55) , and in human tendinopathy (10, 46) .
MMPs are the primary enzymes responsible for the ECM breakdown in tendon necessary for protein turnover (56) . Although there are 23 known types of MMPs in humans (56), we chose the MMPs that have been indicated to play a significant role in ECM maintenance of tendon. The gelatinases MMP-2 and MMP-9 are involved in the ECM turnover induced by tissue injury (1, 34, 45) and exercise (24) . MMP-2 also functions as an interstitial collagenase (2). MMP-3 functions to degrade a range of ECM components, as well as activate other MMPs (37), and is induced by mechanical loading (3, 54) . The lack of overall response of MMPs in the present investigation suggests that tendon tissue breakdown was not induced by the mechanical loading of RE. In addition, MMPs are inhibited by TIMP-1 (56) , and the finding that TIMP-1 mRNA expression was not influenced by the exercise bout corresponds with the overall MMP response. Furthermore, although the reduction of MMP-2 mRNA at 4 h was modest, the return to resting levels 24 h after RE paralleled the changes of collagen type I and collagen type III mRNA. The lack of quantifiable MMP-9 mRNA expression in tendon at rest and after exercise was somewhat surprising, because MMP-9 has been shown to be responsive to an exercise stimulus in human tendon (24) and muscle (51) . However, the exercise bout in these studies consisted of 1 h of aerobic running or cycling, and, as previously discussed, different exercise stimuli may induce different cellular responses.
Sex Differences
Although it is known that risk for connective tissue injuries is increased in women compared with men, the cause for this Fig. 6 . Mean mRNA expression of the proteoglycans decorin, biglycan, fibromodulin, and versican in men and women at rest. Expression levels for each gene of interest were normalized to GAPDH using the 2 Ϫ⌬CT method. Fig. 7 . Mean mRNA expression of the regulatory genes MMP-2, MMP-9, MMP-3, and TIMP-1 in men and women at rest. Expression levels for each gene were normalized to GAPDH using the 2 Ϫ⌬CT method. †P ϭ 0.08 vs. females.
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TENDON STRUCTURAL AND REGULATORY mRNA EXPRESSION trend is uncertain (4, 13, 35) . Tendon has been used as a model to explore sex differences in mechanical and metabolic properties of connective tissue (27, 35, 38, 58) . In the present study, we sought to better understand these sex differences by comparing gene expression in the structural and regulatory components of tendon between men and women at rest. It is of particular interest that resting collagen type III mRNA expression in tendon was greater in women than in men. Studies of tendinopathy and tendon rupture in humans show that increased collagen type III mRNA expression (15) and protein content (9, 11, 47) are indicators of injured tendon tissue. In addition, studies show that even healthy tendon in individuals who do not display outward symptoms of tendinopathy can exhibit signs of a pathological phenotype on a microscopic level (18, 47) , including increased collagen type III expression (47) . Collagen type III forms smaller and less organized fibrils than collagen type I, which can cause tendon to be more susceptible to rupture (47) . It should be noted that none of the women included in the present study had a history of patellar tendinopathy.
A trend toward decreased MMP-3 mRNA expression in women at rest also has implications concerning tendon pathology. Expression of MMP-3 mRNA (8, 15, 17, 32) and protein (8, 45 ) is downregulated in injured and ruptured tendons; therefore, MMP-3 is thought to be a crucial enzyme for maintenance of a healthy ECM in tendon (45) . Expression of lower levels of MMP-3 mRNA at rest in women than in men may indicate impaired ECM maintenance, leading to increased injury susceptibility.
Expression of the other GOIs (collagen type I, decorin, biglycan, fibromodulin, versican, MMP-2, MMP-9, and TIMP-1) was not different between men and women at rest. We conclude that these targets are not key components leading to sex differences in metabolic and biomechanical properties of tendon.
Conclusions
The present investigation provides novel insight into the influence of acute exercise on the molecular responses of the patellar tendon. Gene regulation for structural and regulatory components of tendon was altered, signifying that a cellular response was triggered by acute RE. The present investigation also suggests that the increased risk for connective tissue injury in women compared with men may be related to structural and regulatory expression differences in tendon.
